Request Form for Translation 

10 lOQh . <Zi C 



U. S. Serial No. : 



Requester's Name: J^j AJry^ 

PhoneNo. i f><r - -7fich. 0 



Fax No. 

Office Location: 
Art Unit/Org. : 
Group Director: 
Is this for Board of Patent Appeals? J^L 
Date of Request: MUlO^ 
Date Needed By: // (ll(o 



,f/>nt Annsolc? J } 



(Please do not write ASAP-indicate a specific date) 

SPE Signature Required for RUSK: 



Document Identification (Select One): 

••(Note: Please attach a complete, legible copy of the document to be translated to this form)** 



1. 



Patent 



Document No. 
Language 
Country Code 



Publication Date toisl<*1 
No. of Pages _ (filled by STIC) 



3. 



Article 



Other 



Author 

Language 

Country 



Type of Document 

Country 

Language 



Document Delivery (Select Preference): 

Delivery to Exmr. Office/Mailbox Date: 



Translation Branch 
The world of forcim nrior art fn y cm 




' -Foreign Patents 

1 



Phone: 


308-0881 


Fax: 


308-0989 


Location: 


Crystal Plaza 3/4 




Room 2C01 



jSTICOnly) 



Call for Pick-up 



STIC USE ONLY 



Date: 



(STIC Only) 



To assist us in providing the 
most cost effective service, 
please answer these questions: 



Will you accept an English 
Language Equivalent? 
V^> (Yes/No) 



Will you accept an English 
abstract? 

/Op (Yes/No) 

Would you like a consultation 
with a translator to review the 
document prior to having a 
complete written translation? 
fi>d (Yes/No) 

Check here if Machine 
Translation is not acceptable: 

(It is the default for Japanese Patents, '93 and 
onwards with avg. 5 day turnaround after 
receipt) 



Copy/Search 
Processor: 
Date assigned: 
Date filled: 
Equivalent found: 

Doc, No.: 
Country: 

Remarks: 



"(Yes/No) 



Translation 

Date logged in: ; 

PTO estimated words: 

Number of pages: 

In-House Translation Available: 

In-House: Contractor: 

Translator: Name: 

Assigned: Priority: 

Returned: Sent: 

Returned: 



<19)0#B#HFJ? (JP) (12) & gfj ij^ §^ ^ $j[ (A) OOfcfftiJHaWS^ 

^H^9-260516 

(43)&BBB ¥^9^(1997)10^ 3 0 



(51)Inta° 
H0 1L 21/8247 
29/788 
29/792 
C 0 1 G 23/00 
G 1 1 C 11/22 



F I 
HO 1L 
CO 1G 
Gl 1C 
HO 1L 



29/78 
23/00 
11/22 
37/02 
49/02 



3 7 1 



$ssi# s*so»9 fd (4 8® m»mz&< 







C?!)ffiSA 


000005048 














(22)BUHB 


¥j£8*F(1996) 3 £180 




*R»*RlPI»rf&»Kfi?lWr2ZS22# 










m- 












is 
















(72)IBW# 














z/ 
















(72)f5WS 






























C74)tt8!A 


#8t± *HB 0 





(57) imm 

[pun mm<omtfimi)^mrcv- 

imm^m v»j3>-^*^BEi,s«i±(cBi4T 
tmftmmwm&izti^x , $i§smj3§?5±ie3£f8 

mftjSB?5£goT i 02*j&»4,fiU:*-A-3-hJB 




1 

- vmmm.ztitzz t ^mk-tmrnmrnmrnm 
mi. 

&hzk tumt+trnm 1 izimnmrnmrn 
imm 3 1 8«fe^-A'- a - vmimM-? 

&l Z k k -fSIS^JS 2 (zi!tt<09l8t8fM«Rtt 

cm. mtt-*-3-vmimM'f>frt>&t>z 
k zimki-m*m3 izmm<mwmtmmm& 
«. 

•y 7 rm*itLx®.hz k tmik^hmim 1 
a^KKfli^'ojs-s. i k zimik -tm 5 tta 

mmmtmrnmsmi. 

vt^m> z k *mLk^i>mmi csnoa 
irnxmi mmufrt>8co^-nxfrimzm®co 

**bb3*u mtt-*-zi-\>m<?>±.mzm2<r>mn 
mmmm^titizk^mik-t^^^mmm 

[0001] 
[0002] 

^i:*>/i>. ayfyf, fasti. *36NS%&»ajfti- 

iS-ir ^^li^fr-r^ Affi&lzmffl ZtlX . L 

[ 0 0 0 3 ] mmmmmmiz^x. ms, 



(2) ^^9-260516 

2 

(fram) <o^i6*<^ctffi5<iTv^. mmft* 

<7)£o%t>u xmurn. mmmm (Pr)^ 
# < *»oct«* ( e c ) aoivs < . ® y «re& 
10 0 . ^srk^m m vmmzmi&mmm: t>o« 
fljWffiB-cft*. s^wi. ®ftmE<7>mk¥mtm 
miayu-txizm^-rhtiibi.z. mt2o 0 nmjjiT 

[0004] Sft . F RAMlS^.<™Sffl&BSl*Jfc UT» 
PbTiOs. Pb (Zri-xTix) O3 (PZT) . P 

mods. MocvDtmm®Bmrniz£m&t> 
tix^z>. 

20 10005] ±M<mmmmtm(odio. pztii a 

fllfe»SPr#10i!C/cm i! K26/iC/cm2 

^mE<osv^Pb$:^tf^«>, i8m&&mw$m?<?> 
mmss&iitfmzo^zk*. vy-fc-wm.. t 
tfitssp 1 1 p b cok^zx hmmmcommnm 

30 T^&. ^I^NMX^jEffllr^t^^, fit 

[0006] mu. y-^®£^>. ^SRKiSttt~3S^ 

Si P b £ >5:v ^SHIMfSIEttcfc LT . B« 
^D7"^>f hflSBSrW-rs^y&t'x-ex (B i4 

Ti 3 oi 2 ) *?>mikX'<rMmmm.\i. a 
it*i»](c«®a^-ffiPr=5 0MC/cm^ jtm* 

Ec = 50kV/cm > cftWftKJSSa&ft&P r = 
4/xC/cm^ tn;m*Ec=4kV/cini:. Siut 
40 ^H4$r*-tt><7)T'ft4. Ltctf-yX. dOBi4Ti 3 0 

i.^fc<effl-rs^tf)tc<i. ««KSK;friintc*£.PB?>a!8b 
[ooo7]Bi4Ti 3 oi lamrna.. zntx-tz 
*»* % -en ^ <w j fc ^ fc- # &mmtf>bz <- > c ttBSflitT' 

m%%mwmmi>t:MZ6 5 0X:W± 

<rmmff'imx-b 0 , s 4>tc. SUB*? ^ 

50 0. 5/xmggcotg B 1,S*><i»'5:l»<7)-C\ fifcttl?:^ 



(3 

3 

[6]tf)B i 4T i3 0ni$&* { 3£«S£6 0 0*CfcUtC\ P 

tm&s/s i ozmm/s i s«^p tss±(c^ 
xtm£®mx'Zz>i>0)X'ii%\\ w*>. pt/Ti/ 

s i o 2 /s iffiRcoidtc. Pt^ffiJIfc-f-wTcos 

Ptm«6S«±t. Bi 4 Ti30 12 ^)i^MOCVDa 10 

4n?oTffl (B i 2 Ti 2 0 7 ) *««4t«<«rftil: 
**$8£$fVC OS (Jpn.J.Appl.Phys. . 32, 1993. pp. 408 
6. fttfJ. Ceramic Soc. Japan, 102, 1994, PP-512#{S) . 
[0008] I8^ffit7 * ns^iqftfelSiBfi**^* 

OidfcftattWTfct 200nmiaWliTfi 20 
[0009] 

[%HJI#MfeLJ: 3 fc-t&gRS] tLh^J; dtc. ±ffift 

<mtm* s m&. *$%mmm. &mmTv-tx 

[0010] #&Bjjii x j^coi d 3rtSffi£8fife-f £.£ 30 

[00 11] 

mmzffikt&Kibco^m issMemzmm-ztz 
mmmfmmmmnzn^x . snnnftjsiubfc:* 

[ 0 0 1 2 ] S fete, JjaaBftEftSlli 

wmmzti^x. a-h m&mwtofrt> 

[ 0 0 1 3 ] $ *%BB"CJi. ±IE^m««c^lS 
[ 0 0 1 4 ] 2 *>i=. *&0Jj-Cli. ±I2<D&§imft$S§? 
LTV>&. 50 



EPPP9-260516 

4 

[ 0 0 1 5 ] a*:. *%HB-r«i. ±ia<o^^^«^sisffi! 
[ 0 0 1 6 ] $ *»jrcuu ±ie<^gim^ii 
[0017]$ t>^ *wnx-\t. ±MvmwmMm 

WmmzH^X. hMRX/^-y 7 t®£ 

Mit1-?>frL>!8.&i>(DkLX^Z>. 
[ 0 0 1 8 ] $ *3KHT«. ±Kco^Pm(^K 

r 00 1 9 ] jbeoimttiiRtt 

[0020] *mic?>mmimmmmig.x'ii. mi 
*-><-3-vm*nvx^&(ox\ %n?mtmmm 
mb^ix. m^x-mm^m^mm^nhzb^T^h. 

«WL BM^jSfifc: J: & U -?Vmm&mMb 

[002 1|] ^mc^mmimwmmmiX' 
ire, ^m«^fKco±T^nao^sBf^!HjJim^ 

4. t%b*>. mmm®*2^<r)mm®<omxifc 

(DX'hh. 
[0022] 

^x. mzm<Lxmm-&. mm. *mx?>mi 

Xoiz. Z^Ar^mmm^ii. ^!J3y(Si) 
fflSiifc. Sik^'J^y (Si o 2 ) «2. 

3. Tg?Sffi4. ^m«t»M5. *-A-3-hJf 

6. av±ara«74«. «i«urcwBRS*iri^t 



t 



(4) 



^^9-260516 



C0023] ssi emmrnxn. ^v^ymn 1 1 

Xteis 'J 3 V#1SA<?xa£ fflK S i Chi 2tLX 

si£. mmtmm5ttxiti~?ymt'z'?xmm 

(Bi4Ti30i 2 f5Jg) £. 3— 6 1 LX 

imiti-?y (TiOj) «§t£. ±asfg&7 1 lt«± 
e*(pt)aii^*i«ifflv^. 

[0024] Hl^L^l«0H»®O5ISi 

mimmwmLm&-miz^xmwth. t-r. 
pt/Ta/s i o 2 /s i mm^mz^xwmt 
z>. ->vziymiRix'$)^voysm^y^\ ( 10 

0 ) ffi^ffifr&BHtf 9. Sf200nm 
OS i ChJI2£^j£-r&. -etTs S««3T'*ST 
aWK?riSJi3 0nmT\ *LT. T&Wm4X'$>& 
P t?f K£jgip2 0 0 n mt\ 
9I*J£L*!. 

[oo2 5]^fc. ^-e. ztit><?)ttm*>imi±. * 

«<0f&fe 0 izm&is 0 3 yfflS^G a A s fflg^fcJB 



**Uf&<. WflfcO^TkTafctfHc^y (Ti ) Iff 

£ffli^6.r ^ssjg®<o^, TitPt 

i<9£^;B£$ft&WT'Ta£jm^##£U\ 

^ymzm^hztffx-z. ttmwmhftmzim 

[ 0 0 2 6 ] Tanwtiov^T t> . mm&&Hz 
10 fieat l-ombt* &ei»Muf a< . trfltip t ic 

h^nx-hh. ttt. fmrnzh. waymm&x 

[ 0 0 2 7 ] »we % z\<nko\zLXtmLtzPt/T 
a/S i 0*/S ifflgo±(c. «MMIRS'n& 
B iiTisOuSOIVfHiR. JU**-A-3-Hi6 • 
20 T*iTiOi»Il*MOCVDtt(Cj:0Jt<«BRL 
fc. B i 4 T i 3 Oi t!IR«M«HR^>i£lKIW«« 1 

[0028] 



urn 




TiCi-OCaH*)* 




160TC 


sot: 


*tU7*X (Ar) 


2 0 0sccn 


IOOsccid 


jRfSrfX (Oz) fc£ 


lOOOaxm 




5To r r 



[00 29] B i4Ti8 0nSNRAJfiRtt. 

J: o iz b i mnt lx h y jT/p h h y /wt*y jut*-?* 

(Bi (o-C7H7)3) £. T lW*hlX+9VA 
V7asittflM K (T i < i -OCs H 7 ) 4 ) £-£*l-f 

fcJMtMtl/C ( B i jgfti 6 or. T i WM5 0 

•c) . ^^yr^Tftsr^y (Ar) axtsuB 
if^x-hhjm(oi) tixtmiitmsMzimi, 
ti. zz-v. Ar ^sHg^oaau b i swa* lt 40 

2 00 seem. TiJ&BfcftLTlOOsccmfc 
U O2#Xfi»»Sllil000sccm) tt 

JJ. 1 OTo r r feU:T'*>Sfc§vfflK£#jg£ 9^-fV^ 
<0T. 5Torrklfc. i<0«k a=5^frT 
S:600 , CtL. ^Jfl OOnmOB i4Ti 3 Oi2 

»3 04H^lWBOTrj«lll*fT">fc. 
[0030] S«iagSr4 0 0iC{c^L. 

T i S^i; LT^^vr yrasJMMM K (T i ( i - 
OC 3 H 7 ) 4 ) ifflvv ^OIS^S: 5 0XX.MMMt ^50 



Ar*vVT/fX (C£fi50sccm) fttl&L. 
fmtf5nm<7)mftr?-?y*-^-zi-hmt:. Ift2ft 

m>mmmm&LLtz. z\<Df8Mi.mzts^xt>. a 
mmncorngmit. sTorrafc.^. Bi4T 

mH. 10 5nmtJ>&. 

[0031] jr-A-n-hJKoKWk 

OBWWU 2~7 nmttJ^t WjrJSWUf.fUt. 
[0032] feLhOi 3 1 LT. fWELfcsTw^-a- 
hflft^B i4T iiOnmmftm&CVm^yyroiS 

-to^-c. sem (^E^m^s^) tzx^wmt 
[00333 tit. ztm&ttsm* mmizsi 



7 

O^ffiUcfemSr03tS-r. 03»cfcWC. ( 0 0 
1) ( Him) JiBiiTisOn (Itt^nrxtf-f 

mb) v>c®mfof&iHz£&mv-?£mL. ui 

7) «Bi4Ti30i2 (m^ofX^^ hffl) (Dai 

jfcfr£-£tf ( 1 1 7) El6u£ttfcJ:£®*ft:-7T-;fc 
9. #<c.*t*:f5Jg»i, c«ii;i6]ttc05lv^Bi4Ti3Oi 2 
X'hhzttfhfrz. 

{003 A\)mmb LX. SlOHSiJgJBfc|5l«<7)P 
t/Ta/S i O2/S i£C£JBtvc % Jt-A'-a- 
hJK93r^Bi4Ti3 0i2}SM (Sfl05nm) £31 

1 (omwrnrnt m®<?&&x'M o c v d ate «t o m l 

fc. £<9Jt$S#!l<DB i4Ti30i2if&<9gtM ; E7*Q> ? 

B i 4 T i 3 Oi 2SK^M<7)IHifl^S5rti<6S £ t 

[ 0 0 3 5 ] SI 1 <?)HS6Jg®^T i O2 h 
JB±fc. ±g?«@tLT. Ptfgffi ( 1 0 0*cm<*) £ 

[ 0 0 3 6 ] m 1 oxMBes^ -wc^ita* 
<r>**r nistwm&X'te. muimmw±3vx\ u 

-?ttSBtt£l l=8xio-'A/cm«t^IiMI 

#fiP r = 5//C/cm ! , fiim#E c = 7 0 k V/c 
[00 37]«V^T. &2tf>liSfcJB!Bi: LT, 07tC* 

■* «t 3 ±ib^ 1 mmm<r)TmMA t*mm 

^msi^m^^^^mim^z^wxmm'h. 
[0038] &2<nmmm<wm,z^ux^ ±fess 
i<mwmtm®e>p t/Ta/s i o 2 /s ig« 

fcJBkvC. Z<D±tZ. MOCVDWilZX <omLi-?y 
(Ti 02) ^^7rfl*»JSUfc. ^<0t§<0fi£Jg^ 
fW±. 3S«iaSSr4 0 0-Cfc:^L. TiftfifcLT* 
^WV7o,m'fK(Ti ( 1-OC3H7) 4) £ 
fflW Z\<7)®m5 0K:iZ]sm$Htt.l. Ar*vV7# 
X (SfSOsccm) T«&U ffi!JP#5nm<7>iSHfc 

OtiRXStCftwr. lOTor 
riJlJiTft&fc§vfflRJE*«iec: 0 Ji H-< £>T\ 5T 
o r r Ut. 

[0039] zzx\ ^^yrmcommt IX 
«, _hiess 1 emmmx-mwuzx-^-a- ust 



(5) *#§iW9-2 60516 

8 

mm. ®m%mmtz+ftzm&t:fmthtztb£X'Z 
1 - 1 0 n mntmx'btiif&mtem* 

nt>ti&Zk$:(mX'Zt:. 
[0040] ZCOTi 02A' 7 7TlO±tC. ±E851 

<^u©g®t mmtz. b i 4 t i 3 01 tiimifMiK&tf 

Ti02*-/\'-3-Ml£ x H»:MOCVDffifc:J:0 
JftSLfc. B i 4T i 3 0i2^^St^T i 02jf — 

10 fcHfC***>T, Ti0 2 A'-y7r«, Bi 4 Ti 3 0 
12. i O2^--A'-3-Mc0h-:?yl,KW(i, 

1 10nmt*5. 

[0041 ] Cl^JdfcLTfi^LfcjS&^llffli^* 
d.^*-*:. S.BMICJ: MKtftHfttBU^t. 0 
8£J:Mr . *»ai0P»)*-A-3-MWt*B 14 
TisOnSJSIJ. &g0. ljum<7>7 , WyjK>j£l> 

etn 1 mmmn he>kXMtt& t . mmzm&th 
tsssii. m2<?)mimmcoi>cocoiiow>\^<%'>x 

20 -fftfc^ B i4Ti30i25f|&7Xt 

[0042] ttz. zcom2c?)mtmm<o*-rt-a- 
±miommm<r)i>cotimix. ams.^* 

■tti ( 1 1 7) m^W^^^^^X^tZkifihi)- 

a. 

30 [0043] m 2<r>msmm.<?>*-><'-3- vm 
mvnTisOunwiMz. ist&Kvmsmtm 
mtz. pt±.®mmj8.ix. 
7mm&<?>mmEmm ^siSL^tsm^Bi o 
tc^-r. iiok« zo^wsmmmTX'u. m 
mmmE3vx\ o-tmftmmi i=6xio- 8 

zm^'^-rwm^z^x . SiSim^ttwai^^ 

ff^^ISm, 01 lfc*-f£d&BjB8frt*T'J>'*A' 
-7W»4>*1» 3VEpftm#T. ^@Slfe«-gPr = 7. 
40 5juC/cm2, Ctm*Ec = l 30kV/cmk^o 
fi*m^>*lfc. 01 KOt.Xr'J xX;l^-TS\ 06O 
^l^HiS^^tOfclfcK^t. Prl^<* 
o^f*>i9T-^<, nW&m®ZtiX^hZkW£>tii> 

rt-n-hfatX1$U,tm&tthZtlzJ:t)^ si^m 

w&m<c\ t tfx-z tt#>x'*> h . 

[0044] ^rfc. iJESWttWTIi. LT P t 
50 /Ta/S i O2/S i S^SrfflV^^f^AV^iaji^ 



(6) 



^^9-260516 



mmmiti' y 3 y^m^ y a ytfoBisBfetHB 
wt«Mjj«ia«iBUit:»j«sn. *<omffi®±tc 

fc«KLfc«siaB*^ 10 

matmtix* Mfr?vtJBtYtep. -uncross 
atttttcti. m:*v?jk 8Kb-*?\ +?>mxh 

^S. SHbt'xvx. IHb4 7h'JW, BMb^7— ^ 
ifc. A^rJlwflflfcoirVC 
±fa§im®T<±»Yb^y£ffl^*:*>\ ^mclS 20 

0. ftttWWi, WC9V9)V. IHb-*7. 
xhn>f>A > f-^MWJ^A. IHbi^ny. §? 
ftT/i-s. gMbtxvx. shm 7F^a. SMb^? 

[0046] 

imkvmi ia±^«t3tc, *«wtJ:Wf. 

[0 04 7] Sfefc. #f&BBfcJ:fttf. A'.y7r®$-tS 



1 o 



[0 1 ] SB 1 <^)5IS©BSi^iS?g«^lgSSS«*^JS 
[02 ] S& 1 c7)HSS«S[^w\--3- h jfft# b i 4 

t i 3 oi tmzmmmzmos e mc * sagas** 

[03 ] m i coni6».ii^-A'-3- b i 4 
t i 3 oiiMMimmcoxmmiz * hwmsm^ 

[04 3 tkfflinX-rt-^-hmifi&^B iiT isO 

iisw^^sEMCj:ii^«*jKtaauKisre- 

[0 5 ] m i <7)HiS0®^^yN'^^ffij§3g^ y 
traffic 1 1 nWMmm&z^rmxh h . 
[0.6 j m i vm/emp!}** >*i'f-nim?0mmm 

[07 ] m2<rmmm<^mmmwm.mmRi)^ 

[08] m2£0HiSB®^->"C-3-Mft^B i 4 

t i 3 oi imm,mmm<r> semkj; & 

[09 ] m20SIS£JB®c7)3}-->'\--3- h^W-^ B i 4 
T i 3 OitttrafHHK>Xift|il*fr: J: STOS^Sr* 
-mxhh. 

[010] ^2<on»®co^+^v^tfjt^c7)y- 
[01 1] fH2nmmmm<F>*v'*i'?ffimm?(D%m 

[^oiftBB] 

1 xynya« 

2 HMty'jayJi 

3 «*i 

4 T&fEffi 
8 ^'?7rl 



if-"* 



[01] 



[03] 



[07] 









& 








1.0 












7 A* 

£-6 r^vc^c^^ -'-'kt^'-^ 



IOjO 



X0LO 16 W.0 




(7) ^^9-260516 




[05] 



[06] 



IE B 

3 



I 



IE-IB 



- i : 

: : i s 


: : J : 




; s | 5 - 





0.0 



applied Uc-ltaoaCU) 

*P tv) 



10.0 







) — t — i — i — 




. / - 
/ 






• 



Xd I v= 1 0 Ok V/ce 
Y d i v = 3^C/cn I 




i 



(8) 



t?g3¥9-260516 



IMS] 




mil) 



/ . . ■ 



/ SI 



X d i v = I 5 Ok V/ci 




(51) Int. CI. 6 
HOIL 



// HOIL 



seme* m*M#* 



F I 



27/04 


HOIL 21/314 


A 


21/822 


27/04 


C 


27/108 


27/10 


651 


21/8242 


41/08 


C 


37/02 


41/18 


101D 


41/09 




101Z 


41/187 






41/18 






49/02 






21/314 







PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 09-2605 16 

(43)Date of publication of application : 03.10.1997 



(51)Int.CI. 



H01L 


21/8247 


H01L 


29/788 


H01L 


29/792 


C01G 


23/00 


G11C 


11/22 


H01L 


27/04 


H01L 


21/822 


H01L 


27/108 


H01L 


21/8242 


H01L 


37/02 


H01L 


41/09 


HOIL 


41/137 


HOIL 


41/18 


HOIL 


49/02 


KOIL 


21/314 



(2 1) Application number : 08-090160 (7 l)Applicant : SHARP CORP 

(22) Date of filing: 18.03.1996 (72)Inventor : SATO SAKIKO 

MATSUNAGA HIRONORI 
KIJIMA TAKESHI 



(54) SUBSTRATE COVERED WITH FERROELECTRIC THIN FILM AND CAPACITOR STRUCTURE DEVICE 
USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a capacitor structure device by 
forming an overcoat layer covering a ferroelectric thin film on it, and forming 
a ferroelectric thin film by a low temperature process which film has a dense 
and flat surface, is excel lent in leakage current characteristics, and exhibits 
large residual spontaneous polarization. 

SOLUTION: An Si02 layer 2 is formed by thermally oxidizing the surface, 
(100) face, of a silicon single crystal wafer, being a silicon substrate 1 . A Ta 
thin film as a bonding layer 3, and a Pt thin film as a lower electrode layer 4 
are formed. On a Pt/Ta/Si02/Si substrate, a Bi4Ti3012 ferroelectric thin film 
as a ferroelectric thin film 5 is formed. A Ti02 thin film as an overcoat layer 
6 is formed, on which a Pt electrode as an upper electrode 7 is formed by 
vacuum deposition method. Thus a capacitor structure device is formed. A 
ferroelectric thin film covered with an overcoat layer excellent in flatness and 
denseness can be obtained, so that leakage current characteristics are 
remarkably improved, and an excellent ferroelectric characteristics can be 
realized. 
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(54) SUBSTRATE COVERED WITH FERROELECTRIC THIN FILM AND CAPACITOR STRUCTURE 
DEVICE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a capacitor structure device by 
forming an overcoat layer covering a ferroelectric thin film on it, and 
forming a ferroelectric thin film by a low temperature process which film 
has a dense and flat surface, is excel lent in leakage current characteristics, 
and exhibits large residual spontaneous polarization. 
SOLUTION: An Si02 layer 2 is formed by thermally oxidizing the 
surface, (100) face, of a silicon single crystal wafer, being a silicon 
substrate 1 . A Ta thin film as a bonding layer 3, and a Pt thin film as a 
lower electrode layer 4 are formed. On a Pt/Ta/Si02/Si substrate, a 
Bi4Ti3012 ferroelectric thin film as a ferroelectric thin film 5 is formed. A 
Ti02 thin film as an overcoat layer 6 is formed, on which a Pt electrode as 
an upper electrode 7 is formed by vacuum deposition method. Thus a 
capacitor structure device is formed. A ferroelectric thin film covered with 
an overcoat layer excellent in flatness and denseness can be obtained, so 
that leakage current characteristics are remarkably improved, and an 
excellent ferroelectric characteristics can be realized. 
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CLAIMS 



[Claim(s)] 

[Claim I] The ferroelectric thin film covering substrate characterized by having arranged the wrap overcoat layer in this 
ferroelectric thin film on the aforementioned ferroelectric thin film in the ferroelectric thin film covering substrate which a 
ferroelectric thin film is formed on a substrate and changes. 

[Claim 2] The ferroelectric thin film covering substrate according to claim 1 characterized by the aforementioned overcoat 
layer consisting of a metallic oxide. 

[Claim 3] The ferroelectric thin film covering substrate according to claim 2 characterized by the aforementioned overcoat 
layer consisting of titanium oxide. 

[Claim 4] The ferroelectric thin film covering substrate according to claim 3 characterized by for the aforementioned 
ferroelectric thin film consisting of a titanic-acid -bismuth, and the aforementioned overcoat layer consisting of titanium 
oxide. 

[Claim 5] The ferroelectric thin film covering substrate according to claim 1 characterized by changing through a buffer 
layer between the aforementioned substrate and the aforementioned ferroelectric thin film. 

[Claim 6] The ferroelectric thin film covering substrate according to claim 5 characterized by the aforementioned overcoat 
layer and the aforementioned buffer layer consisting of a metallic oxide. 

[Claim 7] The ferroelectric thin film covering substrate according to claim 6 characterized by the aforementioned overcoat 
layer and the aforementioned buffer layer consisting of titanium oxide. 

[Claim 8] The ferroelectric thin film covering substrate according to claim 7 characterized by for the aforementioned 
ferroelectric thin film consisting of a titanic-acid bismuth, and the aforementioned overcoat layer and the aforementioned 
buffer layer consisting of titanium oxide. 

[Claim 9] The capacitor constituent child characterized by being a capacitor constituent child using the ferroelectric thin film 
covering substrate given in any 1 term of claims 1-8, having arranged the 1st conductive electrode between the 
aforementioned substrate and the aforementioned ferroelectric thin film, and having arranged the 2nd conductive electrode at 
the upper part of the aforementioned overcoat layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of the ferroelectric thin 
film and ferroelectric thin film covering substrate which are used for a ferroelectric memory device, a pyroelectric-sensor 
element, a piezoelectric device, etc., a capacitor constituent child, and a ferroelectric thin film. 
[0002] 

[Description of the Prior Art] Since a ferroelectric has many functions, such as spontaneous polarization, a high dielectric 
constant, the electro-optical effect, piezoelectricity effect, and a pyroelectric effect, it is applied to extensive device 
development, such as a capacitor, VCO, an optical modulator, or an infrared sensor. However, these application has been 
conventionally performed in the state of a single crystal or ceramics. 

[0003] On the other hand, the application which was not in the former is expected with progress of a thin film coating 
technology now when a quality ferroelectric thin film came to be obtained. Recently, development of the ferroelectric 
non-volatile memory (FRAM) which operates at high speed especially with high density at the thing with semiconductor 
memory elements, such as DRAM, to combine is performed briskly. Ferroelectric random-access memory is the strong 
dielectric characteristics (spontaneity) of a ferroelectric. Anti-electric field (Ec) are small to such device development, 
remains spontaneous polarization (Pr) is large, and material with properties, such as excelling in the repeat resistance of 
polarization reversal, is [ it is a low leakage current and ] required for it. Furthermore, since reduction of operating voltage 
and a semiconductor micro-processing process are suited, to realize the above-mentioned property by the thin film of 200nm 
or less of thickness is desired. 

[0004] Now, thin film-ization of the oxide ferroelectric which has perovskite structures, such as PbTi03, Pb(Zrl-XTiX) 03 
(PZT), and PLZT, for the purpose of the application to FRAM etc. is tried by the thin film formation methods, such as the 
sputtering method, a vacuum deposition, a sol-gel method, the MOD method, and the MOCVD method. 
[0005] PZT is studied present most intensively among above-mentioned ferroelectric material, and that in which the remains 
spontaneous polarization Pr has 10microC/cm2 to 26microC/cm2 and a big value is also obtained. However, since Pb with 
high vapor pressure is included, there is a trouble that degradation of a leakage current or polarization reversal repeat 
resistance takes place, with reduction of thickness as a result of that the film composition change in the time of membrane 
formation and heat treatment etc. tends to take place, generating of a pinhole, generating of the low dielectric constant layer 
by the reaction of the ground electrodes Pt and Pb, etc. For this reason, development of other materials excellent in strong 
dielectric characteristics and polarization reversal resistance is desired. Moreover, when the application to an accumulation 
device is considered, the compactness of the thin film which can respond to micro processing, and surface smooth nature are 
also needed. 

[0006] On the other hand, there is a titanic-acid bismuth (Bi4Ti 3012) which has a stratified perovskite structure as a leakage 
current and an oxide ferroelectric which does not contain Pb which has a bad influence on polarization reversal resistance, 
the strong dielectric characteristics in the single crystal - a shaft orientations - remains spontaneous-polarization 
Pr=50microC/cm2 - anti- - the property which was excellent in electric-field Ec=50kV/cm and c shaft orientations with 
remains spontaneous-polarization Pr=4microC/cm2 and anti-electric-field Ec=4 kV/cm is shown therefore, it is ferroelectric 
non-volatile memory about the big spontaneous polarization which this Bi4Ti 3012 has - etc. « in order to apply, it is 
desirable to have many a-axis components of a crystal in a substrate perpendicularly 

[0007] Although thin film-ization of Bi4Ti 3012 is tried by the MOCVD method or the sol-gel method, it is a c axis 
orientation film with small most [ those ] spontaneous polarization until now. Moreover, in order to obtain good strong 
dielectric characteristics, 650 degrees C or more need to be heat-treated of the ferroelectric thin film formation using the 
conventional sol-gel method, and since film surface morphology consists of crystal grain which is about 0.5 micrometers 
further, it is difficult [ it ] to apply to the high accumulation device which needs micro processing. On the other hand, 
although 30Bi4Til2 thin film of c axis orientation is 600 degrees C or more in substrate temperature and is produced in the 
ferroelectric thin film formation by the MOCVD method on Pt electrode layer / Si02 insulator layer / Si substrate, or Pt 
substrate, these substrates are not applicable to actual device structure as they are. That is, glue lines, such as Ti film for 
securing the bond strength of Pt electrode layer and Si02 film under it, are required like a Pt/Ti/Si02/Si substrate. When 
30Bi4Til2 thin film is produced by the MOCVD method on Pt electrode substrate which prepared such a glue line, 
however, the film surface morphology While consisting of about 0.5-micrometer big and rough crystal grain The bird 
clapper is reported that it is easy to generate the pyrochlore phase (Bi2Ti 207) of a usual state dielectric (Jpn.J.Appl.Phys., 
32 and 1993, pp.4086 and J.Ceramic Soc.Japan, 102 and 1994, pp.512 reference). 

[0008] If film surface morphology consists of big and rough crystal grain, in being inapplicable to the high accumulation 
device which needs micro processing, and thin thickness, it will become the cause of a pinhole and will become cod roe also 
about generating of a leakage current. Therefore, it is a difficult situation to realize the ferroelectric thin film which has good 
strong dielectric characteristics by thin thickness 200nm or less with such conventional technology. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, it has the problem that what fully fills various conditions, 
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such as micro processing, compactness on the front face of a thin film required for a low leakage current, flat nature, a big 
remanence, and a low-temperature membrane formation process, with the above-mentioned conventional technology 
although a ferroelectric thin film is applied to a high accumulation device is not obtained. 

[0010] It is made in order that this invention may solve the above technical problems, and a thin film front face is precise, it 
is flat, and the ferroelectric thin film which is excellent in a leakage-current property, and shows remains spontaneous 
polarization big enough aims at offering the capacitor constituent child using a ferroelectric thin film covering substrate and 
it producible in a low-temperature process. 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in this invention, the wrap 
overcoat layer is prepared for the ferroelectric thin film on the ferroelectric thin film in the ferroelectric thin film covering 
substrate which a ferroelectric thin film is formed on a substrate and changes. 

[0012] Furthermore, in this invention, the overcoat layer shall be consisted of the metallic oxide in the above-mentioned 
ferroelectric thin film covering substrate. 



[0013 



Furthermore, in this invention, the overcoat layer shall consist of titanium oxide in the above-mentioned ferroelectric 



thin film covering substrate. 

[0014] Furthermore, in this invention, it is supposed in the above-mentioned ferroelectric thin film covering substrate that a 
ferroelectric thin film consists of a titanic-acid bismuth, and an overcoat layer consists of titanium oxide. 
[0015] Moreover, in this invention, the buffer layer is prepared between the substrate and the ferroelectric thin film in the 
above-mentioned ferroelectric thin film covering substrate. 

[0016] Furthermore, in this invention, the overcoat layer and the buffer layer shall be consisted of the metallic oxide in the 
above-mentioned ferroelectric thin film covering substrate. 

[0017] Furthermore, in this invention, the overcoat layer and the buffer layer shall be consisted of titanium oxide in the 
above-mentioned ferroelectric thin film covering substrate. 

[0018] Furthermore, in this invention, it is supposed in the above-mentioned ferroelectric thin film covering substrate that a 
ferroelectric thin film consists of a titanic-acid bismuth, and an overcoat layer and a buffer layer consist of titanium oxide. 
[0019] Moreover, using the above-mentioned ferroelectric thin film covering substrate, the 1st conductive electrode is 
arranged between a substrate and a ferroelectric thin film, the 2nd conductive electrode is arranged in the upper part of an 
overcoat layer, and the capacitor constituent child consists of this inventions. 

[0020] in the ferroelectric thin film covering substrate which a ferroelectric thin film is formed on a substrate and changes, a 
ferroelectric thin film consists of a big and rough particle, and since the wrap overcoat layer is prepared for the ferroelectric 
thin film on the ferroelectric thin film, even if the front face is coarse, the irregularity of a ferroelectric thin film front face 
buries by the ferroelectric thin film covering substrate of this invention by the overcoat layer on a ferroelectric thin film - 
having ~ precise -- a front face - a smooth thin film can be obtained namely, - according to [ although increase of the 
leakage current by the dry area on a crystal grain child's big-and-rough-izing and the front face of a film had become a 
problem with crystalline improvement in the former ] the ferroelectric thin film covering substrate of this invention - 
crystallinity - excelling - and - precise - a front face - a smooth thin film can be obtained 

[0021] Moreover, in the ferroelectric thin film covering substrate of this invention, since it is considering as the structure 
which prepared the buffer layer between the substrate and the ferroelectric thin film further, and sandwiched the upper and 
lower sides of a ferroelectric thin film in the metallic-oxide layer of the same kind, asymmetric generating of the 
ferroelectricity hysteresis loop resulting from membranous multilayer structure can be prevented, and the good hysteresis 
loop of symmetric property can be acquired. That is, the asymmetry of the hysteresis loop which realizes structure of the 
good film of up-and-down symmetric property, and originates in the asymmetry of a membrane structure can be prevented 
by adopting the structure which sandwiched the ferroelectric thin film in the layer of two of-the-same-kind material. 
[0022] 

[Embodiments of the Invention] Hereafter, one form of operation of this invention is explained with reference to a drawing. 
Drawing 1 is drawing showing a capacitor constituent child's structure which consists of ferroelectric thin film covering 
substrates which are the 1st operation form of this invention. As shown in drawing 1 , as for this capacitor constituent child, 
the silicon-oxide (Si02) layer 2, a glue line 3, the lower electrode 4, the ferroelectric thin film 5, the overcoat layer 6, and the 
up electrode 7 are formed one by one on the silicon (Si) substrate 1, respectively. 

[0023] the 1st operation gestalt - as a silicon substrate 1 - a silicon-single-crystal wafer - using - SiO two-layer ~ the 
silicon-oxide thin film which oxidizes thermally a silicon-single-crystal wafer front face as 2, and is obtained was used 
moreover - as a glue line 3 - a tantalum (Ta) thin film -- as the lower electrode 4 - a platinum (Pt) thin film - as a 
ferroelectric thin film 5, as an overcoat layer 6, the titanium oxide (Ti02) thin film was used, and the platinum (Pt) thin film 
was used for the titanic-acid bismuth thin film (30Bi4Til2 thin film) as an up electrode 7, respectively 
[0024] Next, the manufacture method of the ferroelectric thin film covering substrate of the 1st operation gestalt shown in 
drawing 1 is explained. First, production of a Pt/Ta/Si02/Si substrate is explained, oxidizing thermally the front face of the 
silicon-single-crystal wafer (100) side which is a silicon substrate 1 - the SiO two-layer of 200nm of thickness - 2 is formed 
And it is 30nm of thickness about Ta thin film which is a glue line 3, and Pt thin film which is the lower electrode layer 4 
was formed by the spatter by 200nm of thickness, respectively. 

[0025] In addition, such material or thickness are not limited to this operation gestalt, and a polycrystal silicon substrate, a 
GaAs substrate, etc. may be used for them instead of a silicon-single-crystal substrate here. Moreover, a glue line prevents 
ablation of the film resulting from the coefficient of thermal expansion of a substrate and a lower electrode layer differing 
during membrane formation, and it is [ that what is necessary is just the grade which can prevent ablation of a film ] desirable 
[ thickness ] in the case of this operation gestalt, since the alloy of Ti and Pt is formed, although things can be carried out to 
use [ which uses titanium (Ti) etc. also about material in addition to Ta ] Ta. Moreover, the SiO two-layer used for the 
insulating layer could be produced by thermal oxidation, Si02 film, a silicon nitride film, etc. which were formed by the 
spatter, the vacuum deposition method, the MOCVD method, etc. can be used for it, and material and thickness should just 
fully have insulation. 

[0026] Moreover, although a conductive material which is not limited to Pt and used for the usual electrode material is [ that 
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what is necessary is just to be ] sufficient as material a grade, it is the thing on which thickness can fully function as an 
electrode layer also about a lower electrode and which can be suitably chosen in connection with other thin films. Moreover, 
the membrane formation method is also limited to neither silicon thermal oxidation nor a spatter, and may be performed 
using the usual thin film coating technologies, such as a vacuum deposition method. Moreover, substrate structure is not 
limited to the above-mentioned thing, either. 

[0027] Subsequently, the Bi4Ti3012 ferroelectric thin film which is the ferroelectric thin film 5, and Ti02 thin film which is 
the overcoat layer 6 were formed one by one by the MOCVD method on the Pt/Ta/Si02/Si substrate which carried out in this 
way and was produced. The membrane formation conditions of a Bi4Ti3012 ferroelectric thin film are shown in Table 1 . 



[0028] 
Table 1] 
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[0029] As shown in Table 1, membrane formation of 30Bi4Til2 thin film as a Bi raw material a triol TOTORIRU virile 
bismuth (Bi3 (o-C7H7)) A titanium iso PUROPOKI _ud^(Ti4_(j-0Q Ti.raw. material,. respectively. Heating 

evaporation was carried out at the raw material temperature which shows these raw materials in Table 1, respectively (160 
degrees C of Bi raw materials, 50 degrees C of Ti raw materials), and the membrane formation interior of a room was 
supplied with the oxygen (02) gas which is the argon (Ar) gas and reactant gas which are carrier gas. Here, the flow rate at 
the time of Ar gas supply was set to lOOsccm(s) to 200sccm(s) and Ti raw material to Bi raw material, and the flow rate at 
the time of 02 gas supply was set to lOOOsccm(s). In addition, in this membrane formation process, since gaseous phase 
reaction tended to have occurred that they are 10 or more Torrs, the degree of vacuum of the membrane formation interior of 
a room was set to 5Torr. Substrate temperature was made into 600 degrees C on such conditions, and membranes were 
formed in membrane formation time for about 30 minutes in 30Bi4Til2 thin film of lOOnm of thickness. 
[0030] Then, substrate temperature was set as 400 degrees C, and the heating evaporation of this raw material was carried out 
at 50 degrees C, using a titanium iso PUROPOKI side (Ti4 (i-OC3H7)) as a Ti raw material, it supplied by Ar carrier gas 
(flow rate 50sccm), and the titanium oxide overcoat layer whose thickness is 5nm was formed in membrane formation time 
for about 2 minutes. Also in this membrane formation process, the degree of vacuum of the membrane formation interior of a 
room was set to 5Torr. In addition, the total thickness of 30Bi4Til2 thin film and a Ti02 overcoat layer is 105nm. 
[003 1] In addition, a certain amount of [ the one thinner possible here in order to impress sufficient voltage for a ferroelectric 
thin film as thickness of an overcoat layer is desirable, and / in order to cover the surface irregularity of a ferroelectric thin 
film ] thickness is required. When this point was examined, as for the thickness of an overcoat layer, the good result was 
obtained in 2-7nm. 

[0032] The result observed by SEM (scanning electron microscope) is shown in drawing 2 about the surface morphology of 
the Bi4Ti3with overcoat layer 012 ferroelectric thin film formed as mentioned above, trom a crystal grain child with the 
front face of the thin film obtained according to this operation gestalt detailed according to drawing 2 - changing - precise 
- a front face - it turns out that the smooth thin film is obtained 

[0033] Moreover, the result which evaluated the crystallinity of this thin film by the X diffraction is shown in drawing 3 . 
drawing 3 -- setting (1 (001.) being an integer) -- the diffraction peak by the c axis orientation component of BiTTTIUTT 
(stratified perovskite phase) is expressed, (1 17) is a diffraction peak by the orientation component containing the a-axis 
component (1 17) of Bi4Ti 3012 (stratified perovskite phase), and it turns out that the obtained thin film is strong Bi4Ti 
3012 of a c axis stacking tendency 

[0034] As an example of comparison, 30Bi4Til2 thin film (105nm of thickness) without an overcoat layer was formed by 
the MOCVD method on the same conditions as the 1st operation gestalt using the same Pt/Ta/Si02/Si substrate as the 1st 
operation gestalt. As a result of carrying out SEM observation of the surface morphology of 30Bi4Til2 thin film of this 
example of comparison, as shown in drawing 4 , this thin film consisted of a big and rough particle, and had become what 
has intense surface irregularity. This showed that the overcoat layer of the 1st operation gestalt could produce a thin film 
precise [ the shape of surface type ], and flat by filling the crevice between the irregularity of a Bi4Ti3012 thin-film front 
face. 

[0035] On the Ti02 overcoat layer of the 1st operation form, Pt electrode (lOOmicrometerphi) was formed by the vacuum 
deposition method as an up electrode, and production of a capacitor constituent child as showed drawing 1 was completed. 
[0036] Next, the result which measured the leakage-current property (applied-voltage dependency ot leakage-current 
density) is shown in drawing 5 about the capacitor constituent child of the 1st operation form. By this capacitor constituent 
child, the value of leakage-current density 11=8x10-7 A/cm2 was acquired from drawing 5 , for example by applied-voltage 
3V. fiarthermore, as a result of performing measurement of strong dielectric characteristics about this capacitor constituent 
child, the clear hysteresis loop as shown in drawing 6 obtains - having - the time of 3V impression - it is - remains 
spontaneous-polarization Pr=5microC/cm2 - anti- - the value of electric-field Ec=70kV/cm was acquired 
[0037] Subsequently, as 2nd operation form, as shown in drawing 7 , the capacitor constituent child who consists of the 
ferroelectric thin fiim covering substrate which formed the butter layer 8 between the lower electrode 4 of the operation form 
of the above 1st and the ferroelectric thin film 5 is explained. 

[0038] About production of the 2nd operation form, the titanium oxide (Ti02) buffer layer was formed by the MOCVD 
method on this using the same Pt/Ta/Si02/Si substrate as the operation form of the above 1st. The membrane formation 
conditions at this time set substrate temperature as 400 degrees C, carried out the heating evaporation of this raw material at 
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50 degrees C, using a titanium iso PUROPOKI side (Ti4 (i-OC3H7)) as a Ti raw material, supplied it by Ar carrier gas (flow 
rate 50sccm), and formed the titanium oxide buffer layer whose thickness is 5nm in [ membrane formation time ] about 2 
minutes. In this membrane formation process, since gaseous phase reaction became it easy to occur to be 10 or more Torrs, 
the degree of vacuum of the membrane formation interior of a room was set to 5Torr. 

[0039] In addition, like the overcoat layer explained with the operation form of the above 1st as thickness of a buffer layer, 
when it was the range of l-10nm for achieving the function as a buffer layer although the thinner possible one was desirable 
in order to impress sufficient voltage for a ferroelectric thin film, it has checked that a good result was obtained here. 
[0040] On this Ti02 buffer layer, the Bi4Ti3012 ferroelectric thin film and the Ti02 overcoat layer were formed by the 
MOCVD method one by one like the operation form of the above 1st. In addition, since each thickness of 30Bi4Til2 thin 
film and a Ti02 overcoat layer is the same as the operation form of the above 1st, the total thickness of Ti02 buffer layer, 
Bi4Ti 3012, and a Ti02 overcoat layer is 1 lOnm. 

[0041] Thus, the result which observed the surface morphology of the produced thin film by SEM is shown in drawing 8 . 
according to drawing 8 , 30Bi4Til2 with an overcoat layer thin film of this operation form consists of a grain with a particle 
size of 0. 1 micrometers - precise and a front face - it turns out that it is smooth Moreover, as for the crystal grain which 
constitutes a thin film as compared with the thing of the operation form of the above 1st, it turns out that the way of the thing 
of the 2nd operation form is small. That is, the result that a precise film with more small crystal grain was obtained was 
obtained by making the upper and lower sides of 30Bi4Til2 thin film into the structure inserted in the buffer layer and the 
overcoat layer. 

[0042] Moreover, the result which evaluated the crystallinity of 30Bi4Til2 with an overcoat layer thin film of this 2nd 
operation form by the X diffraction is shown in drawing 9 . Drawing 9 shows that the reflectivity in which the obtained thin 
film contains an a-axis component as compared with the thing ot the operation form of the above 1st (1 17) is large. 
■[0043] Next, on the 3i4Ti3with overcoat layer GI2 -thin-film of the 2nd operation form, like the operation form of the above 
1st, Pt up electrode is formed and the result which measured the leakage-current property (applied-voltage dependency of 
leakage-current density) is shown at drawing 10 . By this capacitor constituent child, the good small value of leakage-current 
density 11=6x10-8 A/cm2 was acquired trom drawing 10 , for example by applied-voltage 3 V. Furthermore, as a result of 
performing measurement of strong dielectric characteristics about this capacitor constituent child, the clear hysteresis loop as 
shown in drawing 1 1 was acquired, it is at the 3 V impression time, and the value of remains spontaneous-polarization 
Pr=7.5microU/cm2 and anti-electric-field Ec=130 kV/cm was acquired. It turns out Pr value not only became large, but that 
symmetric property is improved in the hysteresis loop of drawing 1 1 as compared with the thing of the 1st operation form of 
drawing 6 . Since this realized structure of the good film ot the symmetric property of the ferroelectric thin film upper and 
lower sides by making the upper and lower sides of a ferroelectric thin film into the structure inserted in the buffer layer and 
the overcoat layer, it is because the asymmetry of the hysteresis loop resulting from the asymmetry of a membrane structure 
was prevented. 

[0044] in addition, ** limited to this although considered as the capacitor constituent child who used the Pt/Ta/Si02/Si 
substrate as a substrate with the above-mentioned operation form ~ it is - yes For example, you may make it composition 
which an integrated circuit is formed in Si or a GaAs substrate, and layer insulation films, such as a silicon oxide and a 
silicon nitride, are covered by the front face of the integrated circuit, and the electrode layer electrically connected with the 
element of an integrated circuit is formed on a layer insulation film through the contact hole formed in a part of this layer 
insulation film, and forms the ferroelectric thin film of this invention on the electrode layer. That is, this invention can apply 
the capacitor structure and transistor structure of the above-mentioned operation form to various high accumulation devices, 
such as an integrated circuit device electrically connected with the element of the integrated circuit made into the start, other 
ferroelectric memory devices, a pyroelectric-sensor element, and a piezoelectric device. 

[0045] In addition, with the above-mentioned operation form, as a material of an overcoat layer, although titanium oxide was 
used, it is not limited to this, and a metallic oxide is desirable and, specifically, tantalum oxide, a niobium oxide, a strontium 
titanate, a barium titanate, oxidization zircon, oxidization aluminum, a bismuth oxide, a yttrium oxide, an oxidization 
hafnium, etc. are mentioned. Moreover, although titanium oxide was used with the above-mentioned operation form also 
about the material of a buffer layer, it is not limited to this, and a metallic oxide is desirable and, specifically, tantalum oxide, 
a niobium oxide, a strontium titanate, a barium titanate, oxidization zircon, oxidization aluminum, a bismuth oxide, a yttrium 
oxide, an oxidization hafnium, etc. are mentioned. 
[0046] 

[Effect of the Invention] As mentioned above, since the overcoat layer covering ferroelectric thin film which was excellent in 
smooth nature and compactness also in about 100-micrometer very thin thickness can be obtained by considering as the 
membrane structure of the ferroelectric thin film with which the overcoat layer was covered according to this invention, a 
leakage-current property is raised sharply and it becomes realizable [ outstanding strong dielectric characteristics ]. 
[0047] Furthermore, according to this invention, by preparing a buffer layer, the asymmetry of the hysteresis loop can be 
improved and it becomes possible to offer a quality ferroelectric thin film covering substrate and various electron devices. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the manufacture method of the ferroelectric thin 
film and ferroelectric thin film covering substrate which are used for a ferroelectric memory device, a pyroelectric-sensor 
element, a piezoelectric device, etc., a capacitor constituent child, and a ferroelectric thin film. 
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PRIOR ART 



[Description of the Prior Art] Since a ferroelectric has many functions, such as spontaneous polarization, a high dielectric 
constant, the electro-optical effect, piezoelectricity effect, and a pyroelectric effect, it is applied to extensive device 
development, such as a capacitor, VCO, an optical modulator, or an infrared sensor. However, these application has been 
conventionally performed in the state of a single crystal or ceramics. 

[0003] On the other hand, the application which was not in the former is expected with progress of a thin film coating 
technology now when a quality ferroelectric thin film came to be obtained. Recently, development of the ferroelectric 
non-volatile memory (FRAM) which operates at high speed especially with high density at the thing with semiconductor 
memory elements, such as DRAM, to combine is performed briskly. Ferroelectric random-access memory is the strong 
dielectric characteristics of a ferroelectric. 
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EFFECT OF THE INVENTION 



the backup power supply using the (spontaneous-polarization effect) » it is unnecessary non-volatile memory Anti-electric 
field (Ec) are small to such device development, remains spontaneous polarization (Pr) is large, and material with properties, 
such as excelling in the repeat resistance of polarization reversal, is [ it is a low leakage current and ] required for it. 
Furthermore, since reduction of operating voltage and a semiconductor micro-processing process are suited, to realize the 
above-mentioned property by the thin film of 200nm or less of thickness is desired. 

[0004] Now, thin film-ization of the oxide ferroelectric which has perovskite structures, such as PbTi03, Pb(Zrl-XTiX) 03 
(PZT), and PLZT, for the purpose of the application to FRAM etc. is tried by the thin film formation methods, such as the 
sputtering method, a vacuum deposition, a sol-gel method, the MOD method, and the MOCVD method. 
[0005] PZT is studied present most intensively among above-mentioned ferroelectric material, and that in which the remains 
spontaneous polarization Pr has 10microC/cm2 to 26microC/cfft2 and a big value is also obtained. However, since Pb with 
high vapor pressure is included, there is a trouble that degradation of a leakage current or polarization reversal repeat 
resistance takes place, with reduction of thickness as a result of that the film composition change in the time of membrane 
formation and heat treatment etc. tends to take place, generating of a pinhole, generating of the low dielectric constant layer 
by the reaction of the ground electrodes Pt and Pb, etc. For this reason, development of other materials excellent in strong 
dielectric characteristics and polarization reversal resistance is desired. Moreover, when the application to an accumulation 
device is considered, the compactness of the thin film which can respond to micro processing, and surface smooth nature are 
also needed. 

[0006] On the other hand, there is a titanic-acid bismuth (Bi4Ti 3012) which has a stratified perovskite structure as a leakage 
current and an oxide ferroelectric which does not contain Pb which has a bad influence on polarization reversal resistance, 
the strong dielectric characteristics in the single crystal - a shaft orientations - remains spontaneous-polarization 
Pr=50microC/cm2 - anti- - the property which was excellent in electric-field Ec=50kV/cm and c shaft orientations with 
remains spontaneous-polarization Pr=4microC/cm2 and anti-electric-field Ec=4 kV/cm is shown therefore, it is ferroelectric 
non-volatile memory about the big spontaneous polarization which this Bi4Ti 3012 has etc. - in order to apply, it is 
desirable to have many a-axis components of a crystal in a substrate perpendicularly 

[0007] Although thin film-ization of Bi4Ti 3012 is tried by the MOCVD method or the sol-gel method, it is a c axis 
orientation film with small most [ those ] spontaneous polarization until now. Moreover, in order to obtain good strong 
dielectric characteristics, 650 degrees C or more need to be heat-treated of the ferroelectric thin film formation using the 
conventional sol-gel method, and since film surface morphology consists of crystal grain which is about 0.5 micrometers 
further, it is difficult [ it ] to apply to the high accumulation device which needs micro processing. On the other hand, 
although 30Bi4Til2 thin film of c axis orientation is 600 degrees C or more in substrate temperature and is produced in the 
ferroelectric thin film formation by the MOCVD method on Pt electrode layer / Si02 insulator layer / Si substrate, or Pt 
substrate, these substrates are not applicable to actual device structure as they are. That is, glue lines, such as Ti film for 
securing the bond strength of Pt electrode layer and Si02 film under it, are required like a Pt/Ti/Si02/Si substrate. However, 
when 30Bi4Til2 thin film is produced by the MOCVD method on Pt electrode substrate which prepared such a glue line, it 
is the film surface morphology. While consisting of about 0.5-micrometer big and rough crystal grain, the bird clapper is 
reported that it is easy to generate the pyrochlore phase (Bi2Ti 207) of a usual state dielectric (Jpn.J.Appl.Phys., 32 and 
1993, pp.4086 and J.Ceramic Soc.Japan, 102 and 1994, pp.512 reference). 

[0008] If film surface morphology consists of big and rough crystal grain, in being inapplicable to the high accumulation 
device which needs micro processing, and thin thickness, it will become the cause of a pinhole and will become cod roe also 
about generating of a leakage current. Therefore, it is a difficult situation to realize the ferroelectric thin film which has good 
strong dielectric characteristics by thin thickness 200nm or less with such conventional technology. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] As mentioned above, it has the problem that what fully fills various conditions, 
such as micro processing, compactness on the front face of a thin film required for a low leakage current, flat nature, a big 
remanence, and a low-temperature membrane formation process, with the above-mentioned conventional technology 
although a ferroelectric thin film is applied to a high accumulation device is not obtained. 

[0010] It is made in order that this invention may solve the above technical problems, and a thin film front face is precise, it 
is flat, and the ferroelectric thin film which is excellent in a leakage-current property, and shows remains spontaneous 
polarization big enough aims at offering the capacitor constituent child using a ferroelectric thin film covering substrate and 
it producible in a low-temperature process. 
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MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in this invention, the wrap 
overcoat layer is prepared for the ferroelectric thin film on the ferroelectric thin film in the ferroelectric thin film covering 
substrate which a ferroelectric thin film is formed on a substrate and changes. 

[0012] Furthermore, in this invention, the overcoat layer shall be consisted of the metallic oxide in the above-mentioned 
ferroelectric thin film covering substrate. 

[0013] Furthermore, in this invention, the overcoat layer shall consist of titanium oxide in the above-mentioned ferroelectric 
thin film covering substrate. 

[0014] Furthermore, in this invention, it is supposed in the above-mentioned ferroelectric thin film covering substrate that a 
ferroelectric thin film consists of a titanic-acid bismuth, and an overcoat layer consists of titanium oxide. 
[0015] Moreover, in this~invention, the buffer layer is prep~ared between the substrate and the'ferroelectric thin film in the 
above-mentioned ferroelectric thin film covering substrate. 

[0016] Furthermore, in this invention, the overcoat layer and the buffer layer shall be consisted of the metallic oxide in the 
above-mentioned ferroelectric thin filrn covering substrate. 

[0017] Furthermore, in this invention, the overcoat layer and the buffer layer shall be consisted of titanium oxide in the 
above-mentioned ferroelectric thin film covering substrate. 

[0018] Furthermore, in this invention, it is supposed in the above-mentioned ferroelectric thin film covering substrate that a 
ferroelectric thin film consists of a titanic-acid bismuth, and an overcoat layer and a buffer layer consist of titanium oxide. 
[0019] Moreover, using the above-mentioned ferroelectric thin film covering substrate, the 1st conductive electrode is 
arranged between a substrate and a ferroelectric thin film, the 2nd conductive electrode is arranged in the upper part of an 
overcoat layer, and the capacitor constituent child consists of this inventions. 

[0020] in the ferroelectric thin film covering substrate which a ferroelectric thin film is formed on a substrate and changes, a 
ferroelectric thin film consists of a big and rough particle, and since the wrap overcoat layer is prepared for the ferroelectric 
thin film on the ferroelectric thin film, even if the front face is coarse, the irregularity of a ferroelectric thin film front face 
buries by the ferroelectric thin film covering substrate of this invention by the overcoat layer on a ferroelectric thin film - 
having - precise - a front face - a smooth thin film can be obtained namely, -- according to [ although increase of the 
leakage current by the dry area on a crystal grain child's big-and-rough-izing and the front face of a film had become a 
problem with crystalline improvement in the former ] the ferroelectric thin film covering substrate of this invention - 
crystallinity - excelling - and - precise ~ a front face - a smooth thin film can be obtained 

[0021] Moreover, in the ferroelectric thin film covering substrate of this invention, since it is considering as the structure 
which prepared the buffer layer between the substrate and the ferroelectric thin film further, and sandwiched the upper and 
lower sides of a ferroelectric thin film in the metallic-oxide layer of the same kind, asymmetric generating of the 

ferroelectricity hysteresis loop resulting from membranous multilayer structure can be prevented, and the good hysteresis 
loop of symmetric property can be acquired. That is, the asymmetry of the hysteresis loop which realizes structure of the 
good film of up-and-down symmetric property, and originates in the asymmetry of a membrane structure can be prevented 
by adopting the structure which sandwiched the ferroelectric thin film in the layer of two of-the-same-kind material. 

0022] 

Embodiments of the Invention] Hereafter, one form of operation of this invention is explained with reference to a drawing. 
Drawing 1 is drawing showing a capacitor constituent child's structure which consists of ferroelectric thin film covering 
substrates which are the 1st operation form of this invention. As shown in drawing 1 , as for this capacitor constituent child, 
the silicon-oxide (Si02) layer 2, a glue line 3, the lower electrode 4, the ferroelectric thin film 5, the overcoat layer 6, and the 
up electrode 7 are formed one by one on the silicon (Si) substrate 1, respectively. 

[0023] the 1st operation form ~ as a silicon substrate 1 - a silicon-single-crystal wafer - using ~ SiO two-layer ~ the 
silicon-oxide thin film which oxidizes thermally a silicon-single-crystal wafer front face as 2, and is obtained was used 
moreover - as a glue line 3 - a tantalum (Ta) thin film - as the lower electrode 4 - a platinum (Pt) thin film - as a 
ferroelectric thin film 5, as an overcoat layer 6, the titanium oxide (Ti02) thin film was used, and the platinum (Pt) thin film 
was used for the titanic-acid bismuth thin film (30Bi4Til2 thin film) as an up electrode 7, respectively 
[0024] Next, the manufacture method of the ferroelectric thin film covering substrate of the 1st operation form shown in 
drawing 1 is explained. First, production of a Pt/Ta/Si02/Si substrate is explained, oxidizing thermally the front face of the 
silicon-single-crystal wafer (100) side which is a silicon substrate 1 - the SiO two-layer of 200nm of thickness - 2 is formed 
And it is 30nm of thickness about Ta thin film which is a glue line 3, and Pt thin film which is the lower electrode layer 4 
was formed by the spatter by 200nm of thickness, respectively. 

[0025] In addition, such material or thickness are not limited "to this operation form, and a polycrystal silicon substrate, a 
GaAs substrate, etc. may be used for them instead of a silicon-single-crystal substrate here. Moreover, a glue line prevents 
exfoliation of the film resulting from the coefficient of thermal expansion of a substrate and a lower electrode layer differing 
during membrane formation, and it is [ that what is necessary is just the grade which can prevent exfoliation of a film ] 
desirable [ thickness ] in the case of this operation form, since the alloy of Ti and Pt is formed, although things can be carried 
out to use [ which uses titanium (Ti) etc. also about material in addition to Ta ] Ta. Moreover, the SiO two-layer used for the 
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insulating layer could be produced by thermal oxidation, Si02 film, a silicon nitride film, etc. which were formed by the 
spatter, the vacuum deposition method, the MOCVD method, etc. can be used for it, and material and thickness should just 
fully have insulation. 

[0026] Moreover, although a conductive material which is not limited to Pt and used for the usual electrode material is [ that 
what is necessary is just to be ] sufficient as material a grade, it is the thing on which thickness can fully function as an 
electrode layer also about a lower electrode and which can be suitably chosen in connection with other thin films. Moreover, 
the membrane formation method is also limited to neither silicon thermal oxidation nor a spatter, and may be performed 
using the usual thin film coating technologies, such as a vacuum deposition method. Moreover, substrate structure is not 
limited to the above-mentioned thing, either. 

[0027] Subsequently, the Bi4Ti3012 ferroelectric thin film which is the ferroelectric thin film 5, and Ti02 thin film which is 
the overcoat layer 6 were formed one by one by the MOCVD method on the Pt/Ta/Si02/Si substrate which carried out in this 
way and was produced. The membrane formation conditions of a Bi4Ti3012 ferroelectric thin film are shown in Table 1. 
[0028] 

table 1] 





Bi (o-C 7 Ht) 3 


Ti(i-0C 3 H 7 )4 




16 0"C 


5 0°C 


#t'J7^ (Ar) mm. 


2 0 0sccm 


1 0 Osccm 


ma* (o 2 ) 


lOOOscati 




5To r r 



[0029] As shown in Table 1, membrane formation of 30Bi4Til2 thin film as a Bi raw material a trio! TOTORIRU virile 
bismuth (Bi3 (o-C7H7)) A titanium iso PUROPOKI side (Ti4 (i-OC3H7)) is used as a Ti raw material, respectively. Heating 
evaporation was carried out at the raw material temperature which shows these raw materials in Table 1, respectively (160 
degrees C of Bi raw materials, 50 degrees C of Ti raw materials), and the membrane formation interior of a room was 
supplied with the oxygen (02) gas which is the argon (Ar) gas and reactant gas which are carrier gas. Here, the flow rate at 
the time of Ar gas supply was set to lOOsccm(s) to 200sccm(s) and Ti raw material to Bi raw material, and the flow rate at 
the time of 02 gas supply was set to lOOOsccm(s). In addition, in this membrane formation process, since gaseous phase 
reaction tended to have occurred that they are 10 or more Torrs, the degree of vacuum of the membrane formation interior of 
a room was set to 5Torr. Substrate temperature was made into 600 degrees C on such conditions, and membranes were 
formed in membrane formation time for about 30 minutes in 30Bi4Til2 thin film of lOOnm of thickness. 
[0030] Then, substrate temperature was set as 400 degrees C, and the heating evaporation of this raw material was carried out 
at 50 degrees C, using a titanium iso PUROPOKI side (Ti4 (i-OC3H7)) as a Ti raw material, it supplied by Ar carrier gas 
(flow rate 50sccm), and the titanium oxide overcoat layer whose thickness is 5nm was formed in membrane formation time 
for about 2 minutes. Also in this membrane formation process, the degree of vacuum of the membrane formation interior of a 
room was set to 5Torr. In addition, the total thickness of 30Bi4Til2 thin film and a Ti02 overcoat layer is 105nm. 
[003 1 ] In addition, a certain amount of [ the one thinner possible here in order to impress sufficient voltage for a ferroelectric 
thin film as thickness of an overcoat layer is desirable, and / in order to cover the surface irregularity of a ferroelectric thin 
film ] thickness is required. When this point was examined, as for the thickness of an overcoat layer, the good result was 
obtained in 2-7nm. 

[0032] The result observed by SEM (scanning electron microscope) is shown in drawing 2 about the surface morphology of 
the Bi4Ti3with overcoat layer 012 ferroelectric thin film formed as mentioned above, trom a crystal grain child with the 
front face of the thin film obtained according to this operation form detailed according to drawing 2 - changing - precise - 
a front face - it turns out that the smooth thin film is obtained 

[0033] Moreover, the result which evaluated the crystallinity of this thin film by the X diffraction is shown in drawing 3 . 
drawing 3 -- setting (1 (001.) being an integer) -- the diffraction peak by the c axis orientation component of BiTTi 3U1Z 
(stratified perovskite phase) is expressed, (1 17) is a diffraction peak by the orientation component containing the a-axis 
component (117) of Bi4Ti 3012 (stratified perovskite phase), and it turns out that the obtained thin film is strong Bi4Ti 
3012 of a c axis stacking tendency 

[0034] As an example of comparison, 30Bi4Til2 thin film (105nm of thickness) without an overcoat layer was formed by 
the MOCVD method on the same conditions as the 1st operation form using the same Pt/Ta/Si02/Si substrate as the 1st 
operation form. As a result of carrying out SEM observation of the surface morphology of 30Bi4Til2 thin film of this 
example of comparison, as shown in drawing 4 , this thin film consisted of a big and rough particle, and had become what 
has intense surface irregularity. This snowed mat the overcoat layer of the 1st operation form could produce a thin film 
precise [ the shape of surface type ], and flat by filling the crevice between the irregularity of a Bi4Ti3012 thin-film front 
face 

[0035] On the Ti02 overcoat layer of the 1st operation form, Pt electrode (lOOmicrometerphi) was formed by the vacuum 
deposition method as an up electrode, and production of a capacitor constituent child as showed drawing 1 was completed. 
[0036] Next, the result which measured the leakage-current property (applied-voltage dependency or leakage-current 
density) is shown in drawing 5 about the capacitor constituent child of the 1st operation form. By this capacitor constituent 
child, the value of leakage-current density 11=8x10-7 A/cm2 was acquired from drawing 5 , for example by applied-voltage 
3V. furthermore, as a result of performing measurement of strong dielectric characteristics about this capacitor constituent 
child, the clear hysteresis loop as shown in drawing 6 obtains - having - the time of 3 V impression - it is - remains 
spontaneous-polarization Pr=5microC/cm2 - anti- -- the value of electric-field Ec=70kV/cm was acquired 
[0037] Subsequently, as 2nd operation form, as shown in drawing 7 , the capacitor constituent child who consists of the 
ferroelectric thin film covering substrate which formed the butler*layer*&between the lower electrode 4 of the operation form 
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of the above 1st and the ferroelectric thin film 5 is explained. 

[0038] About production of the 2nd operation form, the titlftium oxide»( : Pi©2 l ) i bufferalayer»was formed by the MOCVD 
method on this using the same Pt/Ta/Si02/Si substrate as the operation form of the above 1st. The membrane formation 
conditions at this time set substrate temperature as 400 degrees C, carried out the heating evaporation of this raw material at 
50 degrees C, using a titanium iso PUROPOKI side (Ti4 (i-OC3H7)) as a Ti raw material, supplied it by Ar carrier gas (flow 
rate 50sccm), and formed the titanium oxide buffer layer whose thickness is 5nm in [ membrane formation time ] about 2 
minutes. In this membrane formation process, since gaseous phase reaction became it easy to occur to be 10 or more Torrs, 
the degree of vacuum of the membrane formation interior of a room was set to STorr. 

[0039] In addition, like the overcoat layer explained with the operation form of the above 1st as thickness of a buffer layer, 
when it was the range of 1-1 Onm for achieving the function as a buffer layer although the thinner possible one was desirable 
in order to impress sufficient voltage for a ferroelectric thin film, it has checked that a good result was obtained here. 
[0040] On this Ti02 buffer layer, the Bi4Ti3012 ferroelectric thin film and the Ti02 overcoat layer were formed by the 
MOCVD method one by one like the operation form of the above 1st. In addition, since each thickness of 30Bi4Til2 thin 
film and a Ti02 overcoat layer is the same as the operation form of the above 1st, the total thickness of Ti02 buffer layer, 
Bi4Ti 3012, and a Ti02 overcoat layer is 1 lOnm. 

[0041] Thus, the result which observed the surface morphology of the produced thin film by SEM is shown in drawing 8 . 
according to drawing 8 , 30Bi4Til2 with an overcoat layer thin film of this operation form consists of a grain with a particle 
size of 0.1 micrometers — precise and a front face - it turns out that it is smooth Moreover, as for the crystal grain which 
constitutes a thin film as compared with the thing of the operation form of the above 1st, it turns out that the way of the thing 
of the 2nd operation form is small. That is, the result that a precise film with more small crystal grain was obtained was 
obtained by making the upper and lower sides of 30Bi4Til2 thin film into the structure inserted in the buffer layer and the 
overcoat layer. 

[0042] Moreover, the result which evaluated the crystallinity of 30Bi4Til2 with an overcoat layer thin film of this 2nd 
operation form by the X diffraction is shown in drawing 9 . Drawing 9 shows that the reflectivity in which the obtained thin 
film contains an a-axis component as compared witn the thing ot the operation form of the above 1st (1 17) is large. 
[0043] Next, on the Bi4Ti3with overcoat layer 012 thin film of the 2nd operation form, like the operation form of the above 
1st, Pt up electrode is formed and the result which measured the leakage-current property (applied- voltage dependency of 
leakage-current density) is shown at drawing 10 . By this capacitor constituent child, the good small value of leakage-current 
density 11=6x10-8 A/cm2 was acquired trom drawing 10, for example by applied-voltage 3V. Furthermore, as a result of 
performing measurement of strong dielectric characteristics about this capacitor constituent child, the clear hysteresis loop as 
shown in drawing 1 1 was acquired, it is at the 3 V impression time, and the value of remains spontaneous-polarization 
Pr=7.5microC/cm^ and anti-electric-field Ec=130 kV/cm was acquired. It turns out Pr value not only became large, but that 
symmetric property is improved in the hysteresis loop of drawing 1 1 as compared with the thing of the 1st operation form of 
drawing 6 . Since this realized structure of the good film ot the symmetric property of the ferroelectric thin film upper and 
lower sides by making the upper and lower sides of a ferroelectric thin film into the structure inserted in the buffer layer and 
the overcoat layer, it is because the asymmetry of the hysteresis loop resulting from the asymmetry of a membrane structure 
was prevented. 

[0044] in addition, ** limited to this although considered as the capacitor constituent child who used the Pt/Ta/Si02/Si 
substrate as a substrate with the above-mentioned operation form - it is - yes For example, you may make it composition 
which an integrated circuit is formed in Si or a GaAs substrate, and layer insulation films, such as a silicon oxide and a 
silicon nitride, are covered by the front face of the integrated circuit, and the electrode layer electrically connected with the 
element of an integrated circuit is formed on a layer insulation film through the contact hole formed in a part of this layer 
insulation film, and forms the ferroelectric thin film of this invention on the electrode layer. That is, this invention can apply 
the capacitor structure and transistor structure of the above-mentioned operation form to various high accumulation devices, 
such as an integrated circuit device electrically connected with the ele ment of the integrated circuit made into the start, other 
ferroelectric memory devices, a pyroelectric-sensor element, and<g rpiezoelectric devigjg V 

[0045] In addition, with the above-mentioned operation gestalt, asa material uf Uki overcoat layer, although titanium oxide 
was used, it is not limited to this, and a metallic oxide is desirable and, specifically, tantalum oxide, a niobium oxide, a 
strontium titanate, a barium titanate, oxidization zircon, oxidization aluminum, a bismuth oxide, a yttrium oxide, an 
oxidization hafnium, etc. are mentioned. Moreover, although titanium oxide was used with the above-mentioned operation 
gestalt also about the material of a buffer layer, it is not limited to this, and a metallic oxide is desirable and, specifically, 
tantalum oxide, a niobium oxide, a strontium titanate, a barium titanate, oxidization zircon, oxidization aluminum, a bismuth 
oxide, a yttrium oxide, an oxidization hafnium, etc. are mentioned. 
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DESCRIPTION OF DRAWINGS 



Brief Description of the Drawings] 

Drawing 1] It is the outline cross section showing the structure of the capacitor constituent child who consists of the 
erroelectric thin film covering substrate of the 1st operation gestalt. 

Drawing 2] It is the microphotography in which the observation result by SEM of the Bi4Ti3with overcoat layer 012 
erroelectric thin film front face of the 1st operation gestalt is shown. 

Drawing 3] It is drawing showing the observation result by the X diffraction of the Bi4Ti3with overcoat layer 012 
erroelectric thin film of the 1st operation gestalt. 

Drawing 4] It is the microphotography in which the observation result by SEM of a Bi4Ti3012 thin-film front face without 
he overcoat layer of the example of comparison is shown. 

Drawing 5] It is drawing showing the applied-voltage dependency of the leakage-current density II of the capacitor 
constituent child of the 1st operation gestalt. 

[Drawing 6] It is drawing showing the ferroelectricity hysteresis loop of the capacitor constituent child of the 1st operation 
gestalt. 

Drawing 7] It is the cross-section schematic diagram showing the structure of the capacitor constituent child who consists of 
he ferroelectric thin film covering substrate of the 2nd operation gestalt. 

Drawing 8] It is the microphotography in which the observation result by SEM of the Bi4Ti3with overcoat layer 012 
erroelectric thin film front face of the 2nd operation gestalt is shown. 

Drawing 9] It is drawing showing the observation result by the X diffraction of the Bi4Ti3with overcoat layer 012 
ferroelectric thin film of the 2nd operation gestalt. 

Drawing 10] It is drawing showing the applied-voltage dependency of the leakage-current density II of the capacitor 
constituent child of the 2nd operation gestalt. 

[Drawing 11] It is drawing showing the ferroelectricity hysteresis loop of the capacitor constituent child of the 2nd operation 
gestalt. 

[Description of Notations] 

1 Silicon Substrate 

2 Silicon-Oxide Layer 

3 Glue Line 

4 Lower Electrode 

5 Ferroelectric Thin Film 

6 Overcoat Layer 

7 Up Electrode 

8 Buffer Layer 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 7] 
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[Drawing 2] 
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[Drawing 6] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 8] 
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[Drawing 1 1] 
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X d i v = I 5 OiV/cm 
Y d i v = 7//C/cm 2 
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